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Abstract

Duodenal perforation occurring during endoscopic retrograde cholangiopancreatography (ERCP) has been
shown to cause high mortality. For assessment the incidence and risk factors of perforation after ERCP and
determine the clinical outcome, an abdominal computerized tomography (CT) scan was performed in 180 patients
undergoing therapeutic ERCP during three years. Demographic data, type of procedure (classical or pre-cut
papillotomy), type of perforation (intra or retroperitoneal), laboratory tests, treatment, and outcome were evaluated.

Retroperitoneal perforation was detected in 21 patients (11.7%). Of these in four patients, perforation was retro
and also intraperitoneal. Five patients in the perforation group died, two due to the procedure and three from
unrelated causes. Patients who died were older than patients who remained alive. None of the patients with a
retroperitoneal perforation underwent surgery, but one died from sepsis. Serum bilirubin levels were significantly
higher in patients with perforation. Difficult or unsuccessful cannulation of the CBD and pre-cut papillotomy were
found to be risk factors for perforation.

We suggest to perform an abdominal CT soon after therapeutic ERCP in elderly patients with high bilirubin levels
in whom the ERCP was difficult or unsuccessful, or pre-cut papillotomy was needed. In patients with a

L

retroperitoneal perforation, closer monitoring for signs of sepsis and/or peritonitis is required.

J
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Introduction

Of all the gastrointestinal endoscopic interventional techniques,
endoscopic retrograde cholangiopancreatography (ERCP) recorded
the highest rate of complications with great variability. These include
pancreatitis, bleeding, cholangitis and perforations [1,2]. Despite its
low incidence, ranging from 0.3% to 1.3%, duodenal perforation
occurring during ERCP has been shown to cause high mortality of 16—
18% [2-9]. Several classifications of ERCP-related perforations have
been published in the medical literature [9,10] and management
guidelines based on clinical and radiological criteria have been
developed [7-9]. However, the management of ERCP related
perforations remains controversial: conservative versus early operative
treatment [11,12].

There is no doubt that early and accurate diagnosis of perforations
cannot be underestimated. It has been proposed that delayed diagnosis
may result in dire outcome [3,7,9]. Abdominal computerized
tomography (CT) is considered the best modality for the diagnosis of
perforations [13]. In most studies, imaging was performed only in
selective cases when a perforation was clinically suspected; either
during the procedure or later on when clinical signs of perforation
developed.

Our current knowledge regarding the incidence of ERCP related
perforations remains scarce. Only two small series reported the results
of routine CT examination after therapeutic ERCP. De Vries et al. [14]
reported an incidence of 13% ERCP-related perforations (in three out
of 24 patients), and Genzlinger et al. [15] reported an incidence of 29%
(in six out of 21 patients). Despite the fact that most patients with
routine CT-detected perforations had an uneventful course, these two
studies with small number of cases do not provide us with any
conclusive results for the appropriate management.

The objective of this study was to prospectively evaluate the
incidence and risk factors of perforation in all patients undergoing
therapeutic ERCP with a low-radiation abdominal CT and to assess
the clinical outcome of these patients.

Patients and Methods

Between June 2005 and November 2008, 212 patients were recruited
for the study. One hundred and eighty of them, mean age 63.7 years +
17.7, 100 female, underwent classical or precut papillotomy. Patients
younger than18 years of age, pregnant women and patients who were
unable or unwilling to provide informed consent were excluded from
the study.

Demographic characteristics, co-morbidities, history of upper
gastrointestinal (GI) surgery or previous ERCP procedures were
collected from all participants. Indications for ERCP and radiological
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reports were checked and all patients were closely followed until
discharged from the hospital. The study was approved by the local
ethics committee at our institution.

ERCP

ERCP was performed by four experienced gastroenterologists, with
a Pentax Duodenoscope (Tokyo, Japan). Vital signs were checked
before, during and after each procedure. In all cases, cannulation of
the common bile duct (CBD) was the preferred maneuver and when
there was an indication for sphincterotomy, this was done after biliary
cannulation and using a guide-wire technique. In those patients where
cannulation of the CBD failed, a needle-knife pre-cut papillotomy was
performed.

After the procedure was completed, the endoscopist graded the
difficulty of the cannulation (grade 1 - easy, grade 2 — moderate and
grade 3 - difficult). Access to the biliary tree was documented and
clinical suspicion of perforation was recorded.

Diagnostic CT

All patients underwent a low-radiation abdominal CT after a
median time of 48 minutes (range: 27 to 360 minutes) post ERCP. All
scans were performed with a multi-detector CT (kVP 120, mAs 100)
either Philips Brilliance 4 slices with slice thickness of 5.5 mm and slice
interval of 5.0 mm (n=73) or 64 slices with slice thickness of 3.0 mm
and slice interval of 3.0 mm (n=107) (Philips Medical Systems, MA,
USA). No oral or intravenous contrast materials were administered.

Radiologic definition of perforation was as follows: any leakage of
air or contrast material that was injected during the ERCP, regardless
of the amount. Types of perforation as diagnosed by CT were classified
as retroperitoneal (RPP), intraperitoneal (IPP) or combined. Our
classification of RPP was based on a three-point scale: A) the mildest-

with <5 small air bubbles in close proximity to the duodenum; B) air
(>6 air bubbles) or contrast material around the duodenum and C) the
most severe- large quantity of air (>6 air bubbles) or contrast material
in the retroperitoneum, part of it noted remotely from the duodenum.
IPP was classified on a two-point scale: A) <3 air bubbles noted in the
peritoneal cavity and B) massive air noted in the peritoneal cavity.

Statistical Analysis

Numerical measurements are expressed using means+SD, with
medians and ranges. Categorical measurements are expressed using
percentages. Comparisons of sub-groups of patients with and without
perforations included: 1) an independent t-test and the non-
parametric Mann-Whitney test for the numerical data and 2) the chi-
square test or Fisher's exact test for the categorical data. A multivariate
logistic regression model was used in order to find out factors
influencing perforation. A stepwise logistic regression analysis was
conducted. All analyses were done using SPSS 14.01 statistical software
(SPSS Inc., IBM Corp., NY, USA) A P value <0.05 was considered
statistically significant.

Results

A perforation was diagnosed by CT in 21 patients (11.66%): 17
patients (9.44%) had a RPP and four (2.22%) had a combined intra
and RPP. No statistically significant differences between patients with
or without a perforation were found regarding the indications for
ERCP (Table 1), associated co-morbidities, cholelithiasis, previous
cholecystectomy or other upper GI operations (Table 2).
Approximately 50% of the patients underwent therapeutical ERCP for
CBD stones and 24% for unexplained dilated CBD. Although not
significantly a duodenal diverticulum tended to be more frequent in
patients with a perforation than in those without (23.8% vs. 15.7%,
respectively).

Variables All patients Without perforation With perforation P value
n=180 n=159 (88.3%) n=21 (11.7%)

Mean Age * SD (years) 63.7+17.7 63.5+17.9 65.3+16.2

(median; range) (67.5; 21-91) (68.0; 21-91) (67.0; 21-88) 0.667

Male, n (%) 80 (44.4) 68 (42.8) 12 (57.1)

Female, n (%) 100 (55.6) 91 (57.2) 9 (42.9) 0.247

Indications 0.095

Common bile duct stones 94 (52.2) 84 (52.8) 10 (47.6)

Pancreatitis 7 (3.9) 7 (4.4) 0(0)

Ca of pancreas/papilla 14 (7.8) 11 (7.0) 3(14.3)

Dilated common bile duct 44 (24.4) 38 (23.9) 6 (28.6)

Cholangitis 14 (7.8) 13(8.2) 1(4.8)

Cholangiocarcinoma 1(0.6) 0 1(4.8)

Common bile duct leak 6 (3.3) 6 (3.8) 0 (0)

Papillotomy 125 (69.4) 119 (74.8) 6 (28.6)

Pre-cut 55 (30.6) 40 (25.2) 15 (71.4) <0.001
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Stenting yes 55(30.6) 48 (30.2) 7 (33.3)
no 125 (69.4) 111 (69.8) 14 (66.7) 0.803
Access yes 153 (85) 141 (88.7) 12 (57.1)
no 27 (15) 18 (11.3) 9 (42.9) 0.001
Difficulty Easy 78 (43.3) 74 (46.5) 4 (19.0)
Moderate 47 (26.1) 42 (26.4) 5 (23.8)
Difficult 25 (13.9) 17 (10.7) 8 (38.1) 0.004
Impression yes 8 (4.4) 3(1.9) 5(23.8)
no 140 (77.8) 128 (80.5) 12 (57.1) <0.001
Diverticulum yes 30 (16.7) 25 (15.7) 5(23.8) 0.355
Table 1: ERCP variables, results are shown as: n (%).
Comorbidities, n (%) All patients Without perforation With perforation P value
n=180 n=159 n=21
IHD 44 (24.4) 38(23.9) 6 (28.6) 0.600
COPD 9 (5.0) 8 (5.0) 1(4.8) 1.000
Other’ 46 (25.6) 41(25.8) 5 (23.8) 1.000
Cholelithiasis 99 (55 0) 90 (56.6) 9(42.9) 0.252
Cholecystectomy 55 (36 0) 50 (31.4) 5(23.8) 0.617
Previous ERCP 39 (21.7) 34 (21.4) 5(23.8) 0.782
Previous papillotomy 24 (13.3) 22 (13.8) 2(9.5) 0.743

Table 2: Patient characteristics, IHD, ischemic heart disease; COPD, chronic obstructive pulmonary disease, *Diabetes mellitus, chronic renal

failure, malignancy.

We found that the pre-cut technique was associated with a
significantly higher rate of RPP compared to classical papillotomy (P <
0.001). Fifteen out of 21 patients (71.4%) with a perforation underwent
pre-cut papillotomy in contrast to 40 out of 159 patients (25.2%)
without a perforation. In patients with a perforation, no biliary access
was achieved in 42.9% and in 38.1% the procedure was graded as
difficult in comparison to 11.3% (P=0.001) and 10.7% ( P=0.004)
respectively in patients without perforations.

In addition, in the group of patients with a perforation, 23.8% of the
perforations were suspected by the gastroenterologist during the
procedure, versus only 1.9% in the group of patients without
perforations (P<0.001). No significant difference was found in the rate
of perforations among the four endoscopists that took part in this
study.

Imaging Findings

There was no case where a perforation was not detected in the
initial CT study but diagnosed during the follow-up CT study. Among
17 patients with RPP, the findings were as follows: six patients (35.3%)
had a type A (Figure 1), six patients (35.3%) a type B (Figure 2), and
five patients (29.4%) had a type C perforation (Figure 3).

Figure 1: Type A retroperitoneal perforation. Axial CT discovered
tiny air bubbles (arrow) between the duodenum, the head of the
pancreas and the inferior vena cava.
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Figure 2: Type B retroperitoneal perforation. CT demonstrated a
stent in the duodenum (arrow-head) and a moderate amount of air
and contrast material laterally to the second part of the duodenum
(arrow).

Figure 3: Type C retroperitoneal perforation. CT demonstrated free
air anterior to the pancreas in the lesser sac.

In four patients, an intra and extraperitoneal perforation was found.
Three of them had type B IPP with massive intraperitoneal air (Figures
4a and 4b) and in one patient only a minimal quantity of air was found
in the intraperitoneal cavity defined as type A IPP perforation. All
patients with IPP also had a large quantity of retroperitoneal air (type
C RPP).

Figure 4a: Massive intraperitoneal perforation (type B); a) CT slice
at the level of the upper abdomen demonstrated a large quantity of
free intraperitoneal air anterior to the liver and stomach (arrows).

Figure 4b: CT slice at the level of the pancreatic head demonstrated
a large quantity of free intraperitoneal air (arrow) and a
retroperitoneal contrast leak from the junction of the second and
third part of the duodenum (arrow-head).

Laboratory Findings

There were no significant differences between the two groups
except in the levels of bilirubin. Total and direct bilirubin before ERCP
were significantly higher in patients with post ERCP perforation [total
bilirubin 5.4 + 5.5 4 mg/dL (4.0; 0.3-37.8); direct 4.4 + 4.14 mg/dL (3.3;
0-23) in patients without perforation compared to 9.9 + 7.54 mg/dL
(14.4; 0.4-23.2) and 8.3 + 5.84 mg/dL (6.9; 0-17) in those with
perforation (P=0.001). The total bilirubin level decreased 24 hours
after ERCP from 5.4 mg/dL to 4.6 mg/dL in patients without
perforations, and increased from 9.9 mg/dL to 10.4 mg/dL in those
with perforations (P=0.027).

Clinical Management and Mortality

Blood pressure, heart rate and oxygen saturation were not
significantly different between patients with or without perforation,
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before and after papillotomy. All patients with a perforation were
treated conservatively by fasting and the administration of nasogastric
tube, IV fluids and antibiotics. Worsening abdominal pain,
leukocytosis or sepsis led to surgery. None of the patients with a RPP
underwent surgery, regardless of the type of perforation. Two out of
four patients with an IPP underwent surgery due to signs of
peritonitis.

One patient out of 159 patients without perforations died from post
ERCP pancreatitis. Overall, in the group of patients with perforations,
five patients died. Of these two patients died from direct ERCP-related

causes, and three from indirect ERCP related complications. Three of
the patients had RPP and two patients had combined IPP and RPP
(Table 3). One the patients developed sepsis with no abdominal
tenderness on the fifth day after the ERCP. A second CT scan (this
time with IV contrast material administration) demonstrated a
retroperitoneal abscess. She was treated conservatively, but died from
sepsis 20 days later. Two other patients died from causes unrelated
directly to the perforation such as MI and pancreatic cancer. Two out
of four patients with combined perforation died, one after surgery and
the other, who was treated conservatively, due to pulmonary edema.

Patient 1 2 3 4 5

Age 80 87 74 88 84

Type of perforation RPP RPP RPP Combined Combined
Treatment Conservative Conservative Conservative Surgery Conservative
Cause of death ERCP Ml PC ERCP CHF

Table 3: Deceased patients in the perforation group. RPP; retroperitoneal perforation, IPP; intraperitoneal perforation, CHF: Congestive heart

failure; MI :myocardial infarction, PC: pancreatic cancer.

Patients who died were significantly older than those that stayed
alive 59.9 + 14.6 (63.5; 21-81) years vs. 82.6 + 5.7 (84; 74-88) years and
this difference was significant despite a small cohort size (Kruskal-
Wallis test with a P value of 0.003). There was no difference in the rate
of comorbidities, values of laboratory tests, cannulation difficulty
grade, access to the biliary tree or clinical suspicion of perforation.

Multivariate Logistic Regression Analyses

Multivariate logistic regression analyses were performed using all
the significant and some of the non-significant perforation factors that
were received from univariate analysis (Table 4). After using the
stepwise method, only three factors were found to have a significant
risk effect on perforation: lower aspartate aminotransferase (AST)
level before the procedure, pre-cut papillotomy and the endoscopist's
impression.

Difficulty 1.93 (0.09-42.7) 0.677
Access 0.53 (0.03-11.3) 0.687
Impression 1731.7 (7.00-428253.1) | 0.008
Endoscopist 21.00 (0.47-942.3) 0.116
Gender 1.86 (0.13-25.98) 0.645
Variables in the equation OR (95% Cl) P value
Step 20 AST 0.98 (0.97-0.99) 0.009
Pre-cut 14.61 (3.15-67.77) 0.001
Impression 43.43 (3.10-609.06) 0.005

Table 4: Risk factors for perforation by multivariate stepwise logistic
regression. ALT: alanine aminotransferase; ALP: alkaline phosphatase;
AST: aspartate aminotransferase; CBD common bile duct.

Discussion

Our results, with the largest cohort of patients published until now,
indicate that the actual incidence of all types of ERCP-related
perforations (symptomatic, asymptomatic, RPP and IPP) is high-
11.66% (9.44% RPP and 2.22% IPP). We also identified exclusively
increased RPP rate in patients who underwent pre-cut because of
difficult and unsuccessful cannulation of the biliary tree and in
patients with high bilirubin levels (total and direct). These results are
consistent with previous reports, that also showed high (13% and 29%)
post ERCP asymptomatic perforation rates [14,15] although recent
meta-analysis suggests that pre-cut sphincterotomy and persistent
attempts at cannulation are comparable in terms of overall
complication rates [16].

Usually, a perforation is suspected by the endoscopist during or
after the procedure based on leakage of contrast material from the
duodenum or the biliary tree, clinical signs and symptoms such as

Variables in the equation OR (95% ClI) P value

Step 1 Gender 1.86 (0.13-25.98) 0.645
Age 0.91(0.83-1.01) 0.067
Previous ERCP 3.52 (0.12-105.17) 0.468
Previous Papillotomy 0.25 (0.00-60.07) 0.618
Bilirubin level 0.43 (0.17-1.06) 0.067
AST 0.99 (0.95-1.02 0.449
ALT 1.00 (0.98-1.03 0.694
ALP 1.00 (0.98-1.02 0.956
Dilated CBD 0.86 (0.00-457.4) 0.963
CBD diameter 0.88 (0.57-1.34) 0.537
Diverticulum 0.72 (0.02-30.7) 0.866
Pre-cut 13.99 (0.36-543.5) 0.158
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abdominal pain, leukocytosis, or sepsis. In many centres, special
attention is paid to this risk by making a plan abdominal X-ray as the
last step of the procedure after sphincterotomy. Consequently, in the
large majority of cases with symptomatic RPP this complication is
detected during the procedure [17]. However, the clinical significance
of asymptomatic perforation is not entirely clear. The consensus in the
last two decades assume that type II and III injuries mostly, tend to
seal spontaneously and thus lend themselves to nonsurgical
management [10,18]. Moreover, Genzingler et al. hypothesized that
retroperitoneal air alone (type IV) is probably related to the use of
compressed air to maintain patency of a lumen [15]; as such, it is not a
true perforation and thus does not require surgical intervention.
Indeed only lateral or medial wall perforations (type I) that are caused
by the endoscope, tend to be large and require immediate surgery [19].

Nevertheless, by contrast to previous studies suggesting that RPP
has little clinical significance [20], two patients with asymptomatic
RPP in our study died from indirect causes, compared to none in the
group of patients without a perforation. Three patients (1.7%) in our
series died from direct ERCP-related complications: two from the
perforation group and one from the "non perforation" group. Three
additional patients died from indirect causes, and all three were in the
perforation group. Four of the dead were octogenarians and old age
was the only significant factor that differed between the patients with
perforation who died and those who survived. As previously
emphasized post ERCP cardiopulmonary complications are
significantly higher in patients older than 65 years compared with
younger than 65 [21]. Therefore we assume that the significance of
perforation probably sprawls beyond local inflammation. It might be
speculated that stress concerning the procedure, inflammatory
mediator secretions related indirectly to the procedure and systemic
complications may be involved in their death.

We believe that early diagnosis of perforations is crucial for proper
treatment of patients after therapeutic ERCP. Moreover, early
abdominal CT would enable early diagnosis of IPPs regardless of
clinical signs. We demonstrated that CT can be performed
immediately after therapeutic ERCP with no need for preparation
(oral or intravenous contrast material). In our study CT diagnosed all
of the ERCP-related perforations on the initial early scan with no
additional diagnosis of perforation on a follow-up examination. We
did not use the classification that was introduced by Stapfer and
colleagues [10]. They made a diagnosis during the ERCP or performed
imaging tests (usually upper GI swallowing) only in patients in whom
perforation was suspected clinically. We used our own classification
based on CT findings and found it to be a simple and useful tool for
the clinician.

In addition, in this prospective study we evaluated the risk factors of
such perforations. We knew that pre-cut papillotomy and failed CBD
cannulation are both associated with an increased complication rate
[1,2,4] such as bleeding, pancreatitis and symptomatic perforation. By
using logistic regression multivariate analysis, pre-cut papillotomy and
the endoscopist's suspicions were identified as risk factors for
perforation Interestingly, a higher AST level before the procedure was
found to be a protective factor.

We are aware that our study has several limitations. The rate of
perforations, including clinically significant and even fatal ones, was
high compared to the literature [22]. The volume of ERCP procedures
during the years of the study was relatively small. Freeman et al. have
already shown, that complications of ERCP, especially severe ones, are
related to the volume of procedures peformed by the endoscopist [23].

This also may explain the exceedingly high rate of pre-cut papillotomy
(31%) among our patients requiring sphincterotomy. Despite this, our
current incidence of perforations on CT was less than those of De
Vries et al. (13%) and Genzlinger et al. (29%) [14,15]. Finally, our
surgeons were not blinded to the result of the CT due to ethical
reasons. However, this did not alter the treatment modality or the
clinical course as only conservative treatments were applied for these
patients.

In conclusion, based in our findings we suggest to perform an
abdominal CT soon after therapeutic ERCP in elderly patients with
high bilirubin levels in whom the ERCP was difficult or unsuccessful,
or pre-cut papillotomy was needed. In patients with a RPP, closer
monitoring for signs of sepsis and/or peritonitis is required.
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